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(>99.8%) at  the lasing  wavelength (1600-1700  nm) and high  transmission  (  ~  93.7%)  at  the  fiber laser  pump 
wavelength (1532 nm),  two  concave mirrors  with high  reflectivity (>99.8%) at both  the  lasing  and the  pump 
wavelengths and with radius of curvature, 200 mm, and a plane output coupler with a transmission of 20% at the 
lasing wavelength.  An Er:YAG rod with 0.5(at.)% Er
3+ concentration and length, 29 mm, with both end faces 
antireflection coated in the 1.5-1.7 µm wavelength regime was used as the gain medium. The Er:YAG rod was 
mounted in a water-cooled copper heat-sink maintained close to room temperature at 16˚C. The physical length 
between the two curved cavity mirrors was 218 mm and the total physical length of the resonator was ~669 mm. To 
avoid coating damage on the surfaces of laser crystal, the Er:YAG rod was positioned ~ 40 mm away from the 
center-point of the resonator arm defined by the two concave mirrors, resulting in a calculated TEMoo beam waist 
radius of ~324 µm in the Er:YAG rod under unpumped conditions.  The laser output at 1532.4 nm from the Er,Yb 
fiber laser was first collimated with a 50 mm focal length lens and the beam size was then reduced by a factor-of-
four with the aid of a simple telescope, comprising two plano-convex lenses of focal lengths 200 mm and 50 mm, to 
produce the required collimated beam of diameter ~4 mm for pumping the Er:YAG laser. Pump light was focussed 
into Er:YAG crystal with the aid of one of the concave cavity mirrors, resulting in a measured pump beam radius at 
the center of the crystal of ~ 232 mm.  The single-pass absorption for the pump light in  the  laser crystal was 
measured to be ~ 95% at very low pump powers where there is negligible ground-state bleaching. Unabsorbed pump 
light after the first-pass of the Er:YAG rod was re-collimated by the second concave mirror and retro-reflected back 
into the crystal by the output coupler (with reflectivity of ~78% at 1532 nm) to realize a second-pass to increase the 
absorption efficiency.  The unabsorbed pump light in the output beam was separated from the 1645 nm laser output 
with the aid of a pair of dichroic mirrors with high reflectivity at the lasing and high transmission at the pump 
wavelength. Electro-optically Q-switched operation was achieved with a rubidium titanyl phosphate (RTP) Pockels 
cell (half-wave voltage 1.45kV) and a multi-plate a polarizer  composed of a series of undoped YAG plates at 
Brewsters angle. The RTP Pockels cell was positioned in the resonator arm defined by the output coupler and a 
concave mirror where the cavity mode size was large (> 650 mm in radius) so as to avoid any possible damage. 
 
 
 
 
 
 
Fig. 1.  Schematic diagram of electro-optically Q-switched Er:YAG laser pumped by an Er,Yb fiber laser. 
 
 
With the above experimental setup, the laser generated a CW output of 5.9 W for an incident pump power of 
16.8  W,  corresponding  to a slope  efficiency  of 48%  with respect  to  the  incident pump power.  The efficiency 
achieved in this setup is lower than that described in ref. 4 due to the insertion loss of the EO Q-switch and slightly 
poorer mode-matching of the pump beam and laser mode inside the laser crystal. An average output power of 5.6 W 
was generated at a function of pulse repetition frequency of 10 kHz, corresponding to a pulse energy of 0.55 mJ.  
The average output power and pulse energy as a function of pulse repetition frequency is shown in Fig. 2.  Pulses of 
15.1  mJ  energy  and duration  67 ns  (FWHM) were generated  at a pulse repetition  frequency  of 29  Hz.   This 
corresponds to a peak power of ~220kW.  To the best of our knowledge, this represents the highest pulse energy so 
far achieved for an inband-pumped Er:YAG laser operating at 1645 nm. The beam quality was determined to be M
2 
≤ 1.1.  It should be noted that the resonator design was not optimised for high pulse-energy operation due to a 
limited range of resonator mirrors.  This in turn limited the maximum pump that could be used at low PRF’s to < 